Abstract
INTRODUCTION
Current outcomes after the arterial switch operation (ASO) are excellent as survivors reach adolescence and young adulthood, with an overall low incidence of late mortality and reoperation [1] [2] [3] [4] [5] [6] [7] [8] [9] . Limited data exist on quality of life after the ASO in those patients who reach adulthood [10, 11] . Therefore, we sought to describe health-related quality of life in adult survivors after the ASO using the Short Form 36 (SF-36) questionnaire.
MATERIALS AND METHODS

Patients
This study was approved by the Royal Children's Hospital Human Research Ethics Committee. Patients (n = 127) who underwent the ASO and were 18 years of age or older living in the Australian state of Victoria with a contact telephone number were identified from the hospital database. Of the 127 patients, 19 (15%) patients were unable to be contacted using hospital record contact details and 1 (0.8%) patient declined to participate in the study. This resulted in 107 patients included for this study. The clinical characteristics of the group in this study are presented in Table 1 . Fifty-one (48%) patients were 18-24 years old and 56 (52%) patients were 25-34 years old. Patients were contacted via telephone and completed the SF-36 quality of life questionnaire at this time over the telephone from May 2016 to September 2016.
Definitions
The SF-36 is a validated health-related quality of life questionnaire that contains 36 questions across 8 mental and physical health domains. These domains include physical functioning (impact of health of physical activities), role limitations caused by physical health problems (impact of physical health on vocational and avocational activities), general health, bodily pain (frequency and impact of pain on activities), role limitations caused by emotional problems (impact of emotional problems on vocational and avocational activities), social functioning (impact of physical or emotional problems on social activities), vitality (perception of energy and fatigue) and mental health [12] . Responses to the 36 questions indicate the presence or absence of limitations and are scored and averaged so that a higher score in a domain indicates more favourably ranked quality of life. The SF-36 can be converted to a summary score, the Short Form 6-Dimension (SF-6D) score, to present a generic single-index health state that is comparable across different disease areas and the general population. The SF-6D has interval scale property, i.e. a difference between 0.2 and 0.4 is equally valued as a difference between 0.6 and 0.8, and thus is easily interpretable. The Australian populationrepresentative scores are estimated from the Household, Income and Labour Dynamics in Australia (HILDA) survey [13] .
Statistical analysis
Data were imported into Stata version 12 (Stata Corp, College Station, TX, USA). Results of the SF-36 and the SF-6D were compared against age-matched Australian population data derived from the HILDA survey [13] . The HILDA survey is an Australian governmentfunded longitudinal survey of more than 17 000 Australians. A 2-sample t-test was used to determine any statistical significant difference between the SF-36 domains and the SF-6D scores.
RESULTS
The mean scores of the study group in the 8 domains and the SF-6D compared with the general age-matched Australian population are presented in Table 2 . Compared with the age-matched Australian population data, 18-to 24-year-old ASO patients ranked their health significantly higher in 3 of the 8 domains. The 25-to 34-year-old ASO patients ranked their health higher in 4 of 8 domains. There were no significant differences in the mean SF-6D scores in the 18-24 age group (0.769 for ASO patients vs 0.772 for the Australian population, P = 0.85) or the 25-34 age group (0.795 for ASO patients vs 0.780 for the Australian population, P = 0.33).
DISCUSSION
We have previously reported excellent long-term clinical outcomes in patients who underwent the ASO at our institution [1] [2] [3] [4] [5] [6] [7] . The hospital mortality for the ASO at Royal Children's Hospital has been reported to be 2.8% for patients operated between 1983 and 2009 and this has not changed significantly with time [2] . Late mortality is an uncommon event with a 96% survival at 15 years postoperatively [2] . This has resulted in an ever-growing number of ASO survivors reaching adulthood in recent years. Although similar results have been reported by others [8, 9] , quality of life in adult survivors of the ASO has not been as well described. As these patients begin to reach adulthood, seemingly with good outcomes in the majority of patients, focus is now placed on the general health of these individuals. Investigating health-related quality-oflife outcomes in patients with repaired congenital heart disease informs our understanding of the overall effect the condition has on survivors reaching adulthood and may help to develop therapeutic interventions to address physical and psycho-social issues. To the best of our knowledge, our study represents the largest cohort of adult ASO survivors to have quality of life examined and compared with the general age-matched population. Recently, Kalfa et al. [10] investigated quality-of-life outcomes in 67 adult ASO survivors aged 18-31 years using the SF-36. They found that patients overall had a satisfying quality of life but that their cohort had poorer results in the physical domains of the SF-36 and the summary SF-6D health state was not available. Ruys et al. [11] reported superior results in all 8 domains of SF-36 in 30 adult ASO survivors, and the health state summary of SF-6D was not reported. Görler et al. [14] compared SF-36 results from 24 ASO survivors above the age of 14 with 74 atrial switch survivors as well as the general population. No statistically significant differences were found between the SF-36 domains and the SF-6D scores were not reported.
Our results as summarized by the SF-6D demonstrated that adult ASO survivors have similar overall quality of life when compared with the general age-matched population. The SF-6D, derived from the SF-36 questionnaire, is a widely-used generic measure of health that can be used to describe more than 18 000 health states and generate quality-adjusted life years. It is used by health regulatory agencies around the world to compare the overall impact of interventions across disease areas to facilitate funding decisions. Although the SF-36 questionnaire is typically a written survey, telephone administration has been shown to be equivalent to the written form [15] . Absolute differences in the SF-36 domains between our ASO patients and the general population are difficult to interpret; however, ASO survivors did have similar scores in the majority of the domains and noticeably higher scores in the 2 domains of vitality and emotional wellbeing. Furthermore, there were no statistically significant differences in the SF-6D scores in the 2 ASO age groups compared with the Australian population. Therefore, it is reasonable to conclude that the quality of life of ASO survivors is comparable with the general public in this sample.
Limitations
One limitation of this study is that patients without a valid contact telephone number were unable to be investigated. As there could be various reasons as to why an adult ASO patient would have a contact number different from that on the hospital record, and given the excellent survival of 96% at 15 years postoperatively for this patient group [3] , we believe that this would have a limited impact on our conclusion. Also, the results of our study come from a single institution and thus may not be generalizable for ASO survivors worldwide.
CONCLUSION
Young adult survivors of the ASO have similar quality-of-life outcomes to age-matched controls measured by the SF-6D. 
